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. Along the z^ propagation direction of the light
the interference arises from the Talbot eect[9]. The re-
sulting lattice sites (microtraps) are 10 m 10 m 
100 m in size. With the individual beams focussed to
80 m and a total power of 8 W the depth of the central
microtrap is 500 K and the oscillation frequencies are 17
kHz, 17 kHz, and 0.7 kHz. These calculated frequencies
were experimentally conrmed by parametric heating of
the HAT atoms [7]. Since the lasers are nearly coprop-
FIG. 2: Calaculate density distribution of atoms in the HAT,
assuming a Boltzmann distribution with a temperature equal
to 1/10 the maximum trap depth. Distances are in microns,
densities in arbitrary units.
agating, the potential is quite stable against vibrations
and the YAG laser can have a large bandwidth. Our
multi-longitudinalmode laser has a bandwidth of approx-
imately 25 GHz. Heating due to intensity noise [13] was
easily eliminated with an acousto-optic intensity stabi-
lizer. The relatively large lattice sites allow many atoms
( 10
4
) to be trapped in each site.
Fig. 2 shows a calculated density distribution for atoms
trapped in the HAT at 50 K temperature. We use a
probe laser propagating along the y^-direction to take spa-
tial heterodyne [14] phase images that show the atoms'
isolation within the Talbot fringes and the microtraps
(Fig. 3). We observe Bragg diraction of the probe beam
from the atoms in the microtraps by interference with the
probe beam, also shown in Fig. 3. An interesting obser-
vation from Fig. 2 is that there should be a relative mis-
alignment of the microtraps in successive Talbot fringes.
This is conrmed by the spatial proles shown in Fig. 4.
Analysis of such images gives about 4  10
5
atoms per
Talbot fringe. Time-of-ight temperature measurements
of 50 K coupled with knowledge of the trapping poten-





phase space densities of 1/150. Typically 25 microtraps
are occupied within each Talbot fringe, with 10% of the
atoms in the central microtrap.
Key to the HAT's success is an eÆcient loading proto-
col. We begin with a vapor cell forced dark spot MOT
[15] with 50% of the 10
7
atoms in each of the hyper-
FIG. 3: Top: Image showing microtraps. Bottom: rst order
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FIG. 4: Spatial proles of two neighboring Talbot images.
The microtrap structure is shifted between the two, as ex-
pected.




Rb. The dark spot
is acheived by imaging an opaque object in the hyper-







=3) is tuned 3 linewidths   below reso-
nance and has an intensity of 72 mW/cm
2
. We add a
depumping laser, tuned to the high frequency side of the
F=2!F
0
=2 resonance, to optically pump more atoms
down to the F=1 ground state. To load the HAT from
the MOT, we compress the cloud by decreasing the trap-
ping light intensity by a factor of 3, then increasing the
MOT magnetic eld. After 20 msec we turn on the HAT
laser. AC Stark shifts tune the repumping and trapping
beams away from resonance and the depumping beam
towards resonance, causing the atoms in the HAT to be
extremely dark (estimated  0:001 in F=2 inside the
FORT) [16]. During the HAT loading phase we shift the
trapping laser detuning to  9 . The number of trapped
atoms increases until it reaches steady state in about 50
msec, after which the MOT lasers are extinguished. The
MOT to HAT transfer eÆciency is as high as 15%.
We show in Fig. 5 the temperature and number of
atoms vs time after the loading ceases. The tempera-
ture rapidly decreases to a value of about 50 K, ap-
proximately 1/10 of the trap depth, as expected for free


























FIG. 5: Evaporative cooling of the atoms occurs after the
cooling lasers are switched o. The number of atoms in a
single Talbot fringe(circles) and the temperature (triangles)
rapidly decrease until the temperature reaches roughly 1/10
the trap depth.
tion is rapid due to the very high densities; we estimate
the elastic collision rate to exceed 3000/s. Such high col-
lision rates make evaporative cooling very promising for
the HAT and such experiments are underway in our lab-
oratory. Trap lifetime studies show that after the evapo-
ration ceases the temperature stays xed but the atoms
are slowly ejected from the trap and/or heated [18] by
background gas collisions with a time constant of about
500 msec. For comparison, the MOT lifetime is typically
2-3 seconds for our vapor-loaded trap.
These high density samples are of potential interest
for a variety of experiments. In addition to obvious ex-
amples such as evaporative cooling and cold collisions,
many groups are interested in ultracold Rydberg atoms.
Excitation of Rydberg states of principal quantum num-
ber 100 in our HAT will give rise to strong, long-range
dipole-dipole interactions. Because atoms in our micro-
traps are localized within a 15 m region, these interac-
tion energies are in excess of 1 MHz for atoms on oppo-
site sides of a microtrap. Consequently, excitation by
a narrow-band laser of more than one Rydberg atom
at a time per microtrap should be greatly suppressed.
This \dipole blockade" is of great interest for applica-
tions in quantum information processing[19] and single
atom and photon sources[20]. Similarly, the densities are
high enough to expect eÆcient excitation of novel long-
range Rydberg molecules such as those recently proposed
[21, 22]. In addition, it will be interesting to see how the
very much higher densities acheived in the HAT as com-
pared to MOTs aect the production of cold plasmas[23].
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